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Canis lupus familiaris, or domestic dogs, are considered an important parasite reservoir (Quinnell et al., 2003; Silva et al., 2005) . In particular, this is because dogs are highly susceptible to the infection; furthermore, the proximity between humans and dogs furthers the transmission cycle propagated by the insect vector (Dantas-Torres et al., 2012 , 2014 . Epidemiological studies have shown that the number of domestic dog cases first rise, followed by a similar trend in human cases (Lopes et al., 2010) , suggesting that the rise in the domesticated animals serve to increase transmission to humans (Gouvêa et al., 2007; Dantas-Torres et al., 2012) . However, the majority of studies map human and dog cases separately and does not show a superposition in the geographic distribution of both dogs and human cases.
The development of digital mapping technologies (or geoprocessing) has opened new avenues for epidemiological investigations. In particular, using this technology, investigators are able to map and analyse the distribution of health-related outcomes in respect to epidemiological states. Spatial analysis studies further allow the identification of areas with the greatest potential for disease transmission, as we used to design risk-assessment maps. This approach can lead to optimising resources for disease monitoring and control (Almeida et al., 2011) . Collectively, the aim of this study was to analyse the epidemiological aspects and evaluate the spatial distribution of dog and human cases of VL in the city of Aracaju to identify the potential correlation of Leishmania in dogs to that of increased incidence in humans. The exponential increase in VL-positive dogs and superposition of dogs and human cases in the same areas suggests that the disease is expanding in urban areas, with the transmission of dogs to humans via the sand fly vector.
Materials and Methods
Area and study design
An epidemiological time-series study was carried out, using secondary data obtained from SINAN (Information System of Notifiable Diseases) and Center for Zoonosis Control of the Aracaju city. Aracaju is the capital of the state of Sergipe, and is located in the eastern region of the State at the northeast of Brazil (IBGE, 2015) .
Data source
The human data were LV cases reported and confirmed, obtained from the National Notifiable Diseases Information System (SINAN), for the city of Aracaju. Data on canine VL were obtained from Aracaju Zoonosis Control Center. The positive dogs with Leishmania sp. infection was confirmed through the Rapid Test (DPP-Biomanguinhos, Rio de Janeiro, Brazil) and ELISA (Enzyme Linked Immuno Sorbent Assay, Biotek) for detection of antibodies to parasite antigens.
Environmental variables
A nested epidemiological descriptive study was also performed to evaluate epidemiological data associated with VL human cases. A questionnaire was applied to collect epidemiological data from the homes of families from 40 patients diagnosed with VL who were treated at the University Hospital of Aracaju from 2010 to 2012. The questionnaire included known risk factors for VL, such as presence of dog in the residence, nearby chicken coop and wood remains at home or around the houses. Delayed-type hypersensitivity tests (DTH) in response to soluble Leishmania antigen (SLA) were evaluated in the relatives of these VL cases.
Statistical analysis of descriptive data
A database was created in Microsoft Excel program (Version 2010) . Descriptive data were analysed by calculating mean, median, frequencies, prevalence and incidence. To evaluate the strength of the association between the variables, the prevalence ratio (PR), and confidence intervals (CI) were calculated by the chi-square test or Fisher's exact test. A P<0.05 was considered for significance. All statistical analyses were performed in the Graph Pad Prism programme (version 6).
Spatial distribution maps
A database with the epidemiological serial data was built in Excel (version, 2010) . The spatial distribution maps were performed by TerraView software (version 4.2.2). The cartographic grid of the Aracaju city with division by districts was provided by geoprocessing sector of Aracaju Municipal Health Department and QuickBird satellite. 
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Results
In the present study, we assessed and analysed temporal-spatial data comparing VL in humans and dogs in Aracaju (Figure 1 ). Average number of human VL cases was 58 per year in the state of Sergipe; Aracaju accounts for 18 of these cases. However, the spike in 2010 resulted in 83 VL cases in Sergipe, with 39 derived from Aracaju, and 2014 had 67 VL cases in Sergipe, with 32 cases from Aracaju ( was significantly higher in males than in females. In 2008, IC in males was 0.52 and in females it was 0.17, in 2010 the IC in males was 1.02 and in females was 0.39, and in 2014 the IC in males was 0.84 and females was 0.22 ( Figure 3) .
In all years analysed, the risk of VL was higher in males ( ); P=0.001]. The differences in the frequency of VL in males and females, according to age distribution were not observed from 0 to 14 years. The sex difference in incidence was observed only in the age groups above 15 years (P=0.0021) (Figure 4) . The most significant difference was observed in the age group of 15 to 19 years, in which the proportion of males with VL was 10.9% vs females at 1.27%. Interestingly, studies found frequencies of infected dogs were also higher in males than females ( Figure 5) .
Next, studies analysed the environmental factors that can lead to increased risk for Leishmania infection; the epidemiological factors include presence of dogs, chicken coops and woods. The frequency of DTH positive results and serological tests was 33.63%. We observed that the majority of the homes (80.49%) had at least one of these environmental factors considered at risk for Leishmania infection. 51.21% had dogs, 41.46% had chicken coops and 51.21% had wood remains in their homes. The combinations of dogs with wood remains were frequent (31.7%), and chicken coops and dogs (17.07%), and chicken coops and wood remains (41.46%). All three variables were observed in 34.14% of the homes.
The analysis of the spatial distribution of canine and human VL total cases in the neighbourhoods of Aracaju from 2008 to 2014 (Figure 6 ) shows the existence of areas with a higher risk of transmission of leishmaniasis, with dogs and human VL cases mapped to the same neighbourhoods. The strong red colour shows a greater number of cases. The northern Aracaju and expansion zone have higher numbers of human and dog cases of VL.
In 2014, we observed that human VL cases were clustered in the north region of Aracaju. A satellite image was used to examine whether the districts in this region were conducive to the spread of the insect vector-borne disease. As observed in the satellite image, the areas with the highest number of VL cases occurred near places with high density of vegetation, rivers and canals, as well as home with lots of vegetation and debris (Figure 7) . The districts most affected by the disease are the poorest areas of the city. Collectively, these results reveal that understanding the dynamics of transmission of this disease, as well as the identification of risk areas for infection is essential to direct actions of epidemiological surveillance programs of the municipality. 
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Discussion
Our study using time series revealed that human cases of VL and dogs positive for VL have increased from 2008 to 2014; in 2010 the human cases increased considerably. It is also clear that the incidence in Aracaju city is higher than the incidence of the State of Sergipe. This data points to an urbanisation phenomenon. Taken together, the work proposes that urban growth of Aracaju, especially in periurban areas of recent expansion, fosters humans and domesticated dogs to enter into the natural environment of the sandfly, thereby leading to increased exposure and transmission of propagating Leishmania infections.
The dynamics of transmission of Leishmaniasis is seasonal and depends on the distribution of sand flies (Alvarenga et al., 2010) . Climatic factors such as temperature, humidity and rainfall, also influences the sand flies population variance (Bhunia et al., 2010; Fischer et al., 2010) . The large adaptability of L. longipalpis in urban environments, both inside and outside the home, and at different temperatures has influenced the dynamics of transmission of VL (Oliveira et al., 2008 . This may be related to the urban growth of Aracaju, especially in periurban areas of recent expansion, which makes the man and domestic dogs entering in the natural environment of the sand fly and increase the risk of Leishmania infection (Góes et al., 2012; Gramiccia, 2011) . Furthermore, the environment plays an important role in the VL transmission cycle. Poverty, associated with the rapid and disorganised expansion of periurban areas of large cities, leads to the formation of unsanitary home conditions, lack of housing infrastructure and sanitation from newly settled families in the periurban areas of big cities, favouring the spread of the disease (Almeida et al., 2011; Werneck, 2014) .
For control of vector-borne diseases in Brazil, it is important to consider the urbanisation of the population and the change of the transmission behaviour of the disease from rural to urban or periurban (Harhay et al., 2011) . Additionally, the same socioeconomic condition that favours the dissemination of VL, are also risk factors for other vector-born diseases, such as Dengue, Zika and Chikungunya. As a model, for example, this increase in dogs with VL may be associated with prohibition of euthanasia of infected dogs by the Center for Zoonosis Control of Aracaju, in 2013. The presence of infected dogs maintain the Leishmania transmission among species, increasing the incidence of VL in dogs and humans (Amóra et al., 2006; Felipe et al., 2014; Lara-Silva et al., 2015) .
The analysis of the spatial distribution of cases of canine and human VL total cases in the districts of Aracaju indicate that there is a transmission to both mammals in the same areas. This data combined with the progressive increasing in the frequency of disease in both mammals, after 2010, should alert the authorities. Nevertheless, it is worth mentioning that the active search of infected dogs is directly related to areas with high incidences of human cases. However, it is likely that there are areas with infected dogs in areas without a prevalence of infected humans.
Geoprocessing has proven to be a very useful method to define areas at risk, enabling efficient monitoring and prevention strategies (Almeida et al., 2011; Tsegaw et al., 2013) . Our use of geoprocessing techniques point to the existence of three regions as the main areas of disease transmission in the municipality: Expansion Zone, the North Zone peripheral areas, and the city centre. These regions have environmental quirks (deforestation, high humidity and vacant land with debris accumulation) and unfavourable socioeconomic conditions that justify greater transmission of disease in these neighbourhoods. The spatial analysis of cases of VL in Aracaju has shown a worrying scenario regarding the distribution, transmission and maintenance of the disease in the region. However, the knowledge gained from these studies can be used to focus combined interventions strategies to the most affected areas by government officials, which can ensure cost-effectiveness of control measures to combat leishmaniasis.
Conclusions
The prevalence of canine infection by Leishmania sp. doubled in the municipality of Aracaju, between the years 2008 and 2014. In these years there was an increase in cases of human VL. An association of disease with male sex was observed, not seen in 0-14-year-old patients, suggesting either hormonal influence or higher exposure to the flebotomine by males from 15 to 49 years.
The spatial distribution analysis identifies areas of highest concentration of human and canine VL cases. The neighbourhoods located on the outskirts of town or in expansion areas showed the highest prevalence of the disease. These areas have known environmental risk factors for vector-borne transmissible diseases. Our results of an exponential increase in VL-positive dogs and superposition of dogs and human cases in the same areas suggest that the disease is expanding in urban areas, with the transmission of dogs to humans via the sand fly vector.
Understanding the dynamics of transmission of this disease, as well as the identification of risk areas for infection is essential to direct actions of epidemiological surveillance programmes of the municipality. 
